RECORDING AND REPRODUCING APPARATUS. CONTENT 
REPRODUCING APPARATUS, MAGNETIC DISK DEVICE. AND CONTROL 

METHOD THEREOF 

RELATED PATENT APPLICATION 

[0001] This application claims priority to Japanese Patent Application No. JP2002- 
350420 (Hitachi Global Storage Technologies Docket No. JP920020209US1), filed on 
December 2, 2002, and entitled "Recording and Reproducing Apparatus, Content 
Reproducing Apparatus, Magnetic Disk Device, and Control Method Thereof." 

BACKGROUND OF THE INVENTION 

1. Technical Field 

[0002] The present invention relates to control for reading data at the reproduction of 
digital contents such as moving pictures recorded in a disk-shaped recording medium 
such as a magnetic disk. 

2. Description of the Related Art 

[0003] With an increase in memory capacity of a magnetic disk, a PVR (Personal 
Video Recorder) corresponding to a digital video recorder using the magnetic disk as a 
recording medium is now becoming pervasive. The PVR normally makes use of an 
MPEG2 (Moving Picture Experts Group 2) as a recording system. Motion data can be 
grasped as a set of screen data of still images (frames) arranged on a time sequence 
basis. 

[0004] Fig. 8 is a diagram showing a data structure of the MPEG2. In the MPEG2, 
as shown in Fig. 8, data is managed by GOP (Group of Pictures: encoding unit 
employed in the MPEG2) added with a sequence header (SH) (sequence layer). Each 
GOP is described by three types of screen data of I, P and B frames. The GOP is 
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normally made up of one I frame and a plurality of P frames and B frames (GOP layer). 
Of these, the I frame represents screen data described by compressing a frame 
corresponding to one screen as it is, and the P frame and B frame respectively represent 
screen data descriptive of differences between the P and B frames and other frames. 
Thus, the I frame is independent as a still picture. The screen for the corresponding I 
frame can be reproduced by reading only the screen data of the I frame. On the other 
hand, since the P frame and B frame depend on the screen data of the other frames, the 
screens for the corresponding frames cannot be reproduced by reading only the screen 
data of the P and B frames. 

[0005] When motion data is reproduced, screen data of respective frames are 
sequentially reproduced according to a time sequence upon normal reproduction. 
However, only I frames are reproduced while being read skippingly in the case of 
special reproduction such as fast-forward reproduction, fast-reverse reproduction, or the 
like. When, for example, the fast-forward reproduction is done at 30 times speed, I 
frames are read and reproduced at a rate of one per 30 1 frames. 

[0006] Since the motion data is recorded continuously with respect to the track 
direction (circumferential direction) of the magnetic disk in the PVR, the data is 
sequentially read in the case of the normal reproduction or playback. On the other 
hand, when the special reproduction for reading the data while skipping it as described 
above is performed, data to be read are scattered in the circumferential direction of the 
magnetic disk. Therefore, this results in a state similar to a random access for reading 
and writing the data from and in a data area of the magnetic disk at random. 
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SUMMARY OF THE INVENTION 

[0007] When the data recorded continuously in the track direction of the magnetic 
disk are read while skipping them as described above, the data to be read are scattered 
in the circumferential direction of the magnetic disk. Therefore, a seek time 
(corresponding to the time required to move a head for reading data to thereby position 
it to a desired track (cylinder)) taken to move the head to a desired LBA (Logical Block 
Address), and a rotation latency (corresponding to the time required to rotate the 
magnetic disk so as to cause the desired LBA to reach the position of the head) of the 
magnetic disk occur. The seek time and the rotation latency will hereinafter be called a 
mechanical latency together. 

[0008] Since the reading/writing of data is performed while the head is being 
sequentially moved to adjacent tracks (cylinders) in the PVR, the direction of 
movement of the head is one direction and the seek distance is also short. Therefore, 
the seek time at the reproduction is small, thus presenting no problem. However, the 
rotation latency exerts a great influence on the transfer rate of data. That is, the average 
of rotation latencies is one-half the rotation time of the magnetic disk. In the case of an 
HDD (Hard Disk Drive) of 5400rpm (round per minute), for example, it resuhs in about 
5.6ms (miUi-second). Accordingly, the transfer rate of data is significantly reduced as 
compared with at the normal reproduction, thus leading to disturbance in image. 

[0009] Increasing the number of revolutions (rpm) of the HDD is considered as such 
a simple means for preventing a reduction in the transfer rate of the data due to the 
rotation latency. Increasing the rotational speed of the magnetic disk makes it possible 
to reduce the rotation latency and improve the performance. 
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[0010] Since, however, the HDD high in rpm is large in operation sound, it is not 
adequate to the PVR. It is also undesirable that the heat generated and power 
consumption increases, and the cost for parts also increases. 

[0011] In an HDD that serves as an external storage apparatus used in data 
processing executed by a computer, a technique called command queue reordering is 
known as a means for preventing a reduction in the transfer rate of data due to a rotation 
latency. This is one for collecting a plurality of commands and optimizing the sequence 
of execution of them to thereby decrease a latency time necessary till the command 
execution and improve the performance of random access. 

[0012] Since, however, the data (frames) are arranged on a time sequence basis in 
the HDD used by the PVR, it is not desirable to change the sequence of execution of the 
commands. The command queue reordering is unfit for the PVR. 

[0013] Incidentally, as a problem similar to the above, may be mentioned, a problem 
common to a reproducing apparatus that reproduces digital contents such as moving 
pictures recorded in disk-shaped recording mediums such as optical disks like a DVD 
(Digital Versatile Disk), a CD (Compact Disk) in addition to the PVR using the 
magnetic disk as the recording medium. 

[0014] Therefore, the present invention aims to lessen a reduction in the transfer rate 
of data due to a mechanical latency including a rotation latency of a disk-shaped 
recording medium upon reading data recorded in the recording medium. 

[0015] In order to achieve the above object, the present invention is implemented as 
a recording and reproducing apparatus comprising an encode unit that inputs and 
encodes predetermined stream data, a data storage unit that writes the data encoded by 
the encode unit on a magnetic disk and reads the data written on the magnetic disk, and 
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a decode unit that decodes the data read from the magnetic disk by the data storage unit. 
In the recording and reproducing apparatus, the data storage unit is characterized by, in 
a predetermined case, reading other data existing before or after data to be read for 
decoding the data, in place of the data to be read therefor. Namely, this is done where a 
time required to move a magnetic head to a position of the other data is shorter than a 
time required to move the magnetic head to a position of the data to be read. A travel 
time of such a magnetic head is determined based on a seek time required for the 
magnetic head to seek a track having predetermined data existing thereon, and a rotation 
latency necessary for the magnetic head to move on the track and then for the magnetic 
disk to rotate to thereby cause the desired data to reach a position of the magnetic head. 

[0016] Also the present invention is realized as another recording and reproducing 
apparatus provided with an encode unit, a data storage unit and a decode unit similar to 
the above. In the recording and reproducing apparatus, the storage xmit is characterized 
in that when content is fast-forward reproduced or fast-reverse reproduced, data read by 
the fast-forward reproduction or the fast-reverse reproduction is shifted forward or 
backward such that a rotation latency of the magnetic disk is shortened. 

[0017] Here, the shifting of the data to be read means that when a rotation latency 
required to read other data existing before or after data to be read by a magnetic head 
upon the fast-forward reproduction or the fast-reverse reproduction is shorter than a 
rotation latency required for the magnetic head to read the data thereupon, such other 
data is read. 

[0018] Further, the present invention is implemented even as a recording and 
reproducing apparatus (PVR) configured in the following manner. Namely, the 
recording and reproducing apparatus comprises an encode unit that inputs a video 
signal, converts the same into digital data and encodes the converted digital data, a data 
storage unit that writes the data encoded by the encode unit on a magnetic disk and 
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reads the data written on the magnetic disk, a decode unit that decodes the data read 
from the magnetic disk and outputs the data as a video signal, and a controller that 
controls the operations of these encode imit, data storage unit and decode unit and reads 
other data existing before or after data for reproducing the video signal, which is to be 
read from the magnetic disk, in place of the data to be read upon reading the data for 
reproducing the video signal therefrom. 

[0019] Another present invention for achieving the above object is implemented 
even as a content reproducing apparatus configured in the following manner, for 
reading and reproducing a digital content recorded in a disk-shaped recording medium. 
That is, the content reproducing apparatus comprises head position estimating means for 
estimating the present position with respect to the recording medium, of a head, data 
position calculating means for calculating a position of a data block for a digital content 
to be read next, and positions of other data blocks existing before and after the data 
block, and moving destination determining means for determining a data block at which 
the time (which includes a rotation latency taken xmtil a desired data block reaches the 
position of the head according to the rotation of the recording medium) required to 
move the head is the shortest, as a data block to be read next, based on the present 
position of the head, which has been estimated by the head position estimating means, 
and the positions of the respective data blocks, which have been calculated by the data 
position calculating means. Upon estimating the head position, the time taken to 
execute a command for reading the corresponding data block is measured and the 
obtained result of measurement can be reflected on its estimation. 

[0020] A fixrther present invention for achieving the above object is realized even as 
a magnetic disk device provided with a magnetic disk, a magnetic head, and a controller 
for controlling the movement of the magnetic head to thereby cause the magnetic head 
to read and write data from and on a desired position of the magnetic disk. In the 
magnetic disk device, the controller is characterized by in place of a data block to be 
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read, which has been specified by a logical block address, causing the magnetic head to 
read other data block existing before or after the data block as necessary. Namely, the 
reading of other data block is performed where the time required to move the magnetic 
head to a position of other data block is shorter than the time required to move the 
magnetic head to a position of the data block to be read. More specifically, the 
controller estimates a position of the magnetic head with respect to the magnetic disk by 
a physical block address in a data recording area of the magnetic disk, and calculates the 
time required to move the magnetic head to each data block, based on each of physical 
block addresses indicative of the positions of the respective data blocks and the position 
of the magnetic head. Upon estimating the position of the magnetic head, the time 
taken to execute a command for reading the corresponding data block is measured and 
the obtained result of measurement can be reflected on its estimation. 

[0021] Further, the present invention is implemented even as a method of controlling 
the following content reproducing apparatus for reading and reproducing a digital 
content recorded in a disk-shaped recording medium. Namely, the method comprises a 
step for estimating the present position with respect to the recording medium, of a head 
for reading the digital content, a step for calculating a position of a data block for the 
digital content to be read next, and positions of other data blocks existing before and 
after the data block, a step for calculating a time required to move the head, based on 
the estimated present position of head and the positions of the respective data blocks, 
and a step for reading a data block at which the calculated time (this time includes a 
rotation latency taken until a desired data block reaches the position of the head by the 
rotation of the recording medium) required to move the head is the shortest. 

[0022] Furthermore, the present invention is realized even as a method of controlling 
a content reproducing apparatus including a step for, when a digital content is fast- 
forward reproduced or fast-reverse reproduced, reading data before or after data to be 
read by the fast-forward reproduction or the fast-reverse reproduction so as to minimize 
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a rotation latency of a magnetic disk, and a step for decoding the read data and 
reproducing the digital content. 

[0023] Still further, the present invention can be implemented even as a program for 
controlling a computer and thereby realizing the method for controlling the content 
reproducing apparatus. 
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BWEF DESCRIPTION OF THE DRAWINGS 

[0024] Fig. 1 is a block diagram showing the configuration of a major part of a 
recording and reproducing apparatus (PVR) according to the present embodiment. 

[0025] Fig. 2 is a diagram schematically illustrating the configuration of a data 
storage unit employed in the present embodiment. 

[0026] Fig. 3 is a diagram showing function blocks for operation control at the 
special reproduction of motion data by the recording and reproducing apparatus 
according to the present embodiment. 

[0027] Fig. 4 is a diagram for describing moving destinations of a magnetic head, 
which are determined by a moving destination determiner employed in the present 
embodiment. 

[0028] Fig. 5 is a flowchart for describing the flow of control operations at the 
special reproduction, of the recording and reproducing apparatus according to the 
present embodiment. 

[0029] Fig. 6 is a diagram showing an access pattern to a magnetic disk where 60x- 
speed fast-forward reproduction has been performed in the recording and reproducing 
apparatus. 

[0030] Fig. 7 is a diagram illustrating a distribution of time taken from the issuance 
of a read command to the end of reading in the case shown in Fig. 6. 

[0031] Fig. 8 is a diagram showing a data structure at the MPEG2. 
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DETAILED DESCMPTION OF THE INVENTION 

[0032] The present invention will hereinafter be described in detail based on an 
embodiment illustrated in the accompanying drawings. In the present embodiment, a 
PVR (Personal Video Recorder) that records and reproduces motion data, using a 
magnetic disk as a recording medium, will be explained by way of example. In the 
present embodiment as well, the MPEG 2 will be used in encoding of motion data. 

[00331 Fig- 1 is a block diagram showing the configuration of a major part of a 
recording and reproducing apparatus (PVR) 100 according to the present embodiment. 
The recording and reproducing apparatus 100 comprises an encode unit 10 for inputting 
and encoding a video or picture signal representing a moving picture to thereby 
generate motion data, a data storage unit 20 for storing the motion data generated by the 
encode unit 10, a decode unit 30 for reading and decoding the motion data stored in the 
data storage unit 20 and outputting the decoded data, and a controller 40 for controlling 
the operations of these respective parts. 

[0034] As shown in Fig. 1, the encode unit 10 includes an input part 11 for inputting 
a video signal, an A/D (Analog/Digital) converter 12 for converting the input vide 
signal (input signal) from an analog signal to a digital signal, an MPEG2 encoder 13 for 
encoding the digital-converted input signal by an MPEG2 scheme, and a header 
generator 14 for generating a sequence header (GOP header) added to the encoded 
motion data. 

[0035] The input part 1 1 receives a television broadcast via an antenna and a tuner 
and inputs a video signal through a video input terminal to thereby input a picture signal 
intended for recording. The input picture signal is converted into a digital signal by the 
A/D converter 12, which in tum is encoded by the MPEG2 encoder 13. In parallel with 
it, a sequence header is generated by the header generator 14. The encoded motion data 
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and the generated sequence header are coupled to each other, followed by transmission 
to the data storage unit 20 (unless distinguished in particular, the motion data with the 
sequence header will hereinafter be called simply motion data). 

[0036] The data storage unit 20 is an HDD (Hard Disk Drive) and has a magnetic 
disk 21 used as a recording medium, and a read/write mechanism 22 that reads and 
writes data from and on the magnetic disk 21. 

[0037] Fig. 2 is a diagram schematically showing the configuration of the data 
storage unit 20. The magnetic disk 21 is provided with a data recording area 211 
formed on a disk-shaped surface. Information is magnetically recorded on the data 
recording area 211. The data recording area constitutes concentric tracks 212, and data 
is read from and written on the tracks 212. Incidentally, the HDD normally has a 
plurality of sheets of magnetic disks 21 with their discal center axes being coincident 
with each other. The same tracks 212 of the respective magnetic disks 21 will be 
collectively called a cylinder. The concepts of the tracks 212 will be defined so as to 
include not only a single track 212 of a single magnetic disk 21 but also a cylinder. 

[0038] The read/write mechanism 22 is provided with a magnetic head 221 for 
magnetically reading and writing data from and on the tracks 212 of the magnetic disk 
21, an actuator 222 for supporting the magnetic head 221, and a voice coil motor 
(VCM: Voice Coil Motor) 223 for rotatably controlling the actuator 222 to shift or 
move it to the desired track of the magnetic disk 21. Although not illustrated in the 
figure, the read/write mechanism 22 also includes a spindle motor for rotatably driving 
the magnetic disk 21, a read/write channel for executing writing and reading of data by 
the magnetic head 221, a microcomputer for controlling operations of respective parts, 
etc. 
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[0039] Motion data sent from the encode unit 10 to the data storage unit 20 is 
recorded on the corresponding magnetic disk 21 as magnetic information by the 
read/write mechanism 22. Based on a request from the decode unit 30, predetermined 
motion data is read from the magnetic disk 21 by the read/write mechanism 22 and sent 
back to the decode unit 30. 

[0040] The decode unit 30 includes a header remover 31 for removing a sequence 
header from the motion data sent from the data storage unit 20, an MPEG2 decoder 32 
for decoding the motion data from which the sequence header has been removed, to 
thereby reproduce a picture signal, and a D/A (Digital/Analog) converter 33 for 
converting the reproduced picture signal from a digital signal to an analog signal. 

[0041] By virtue of the header remover 3 1 , the sequence header is removed from the 
motion data read from the corresponding magnetic disk 21 by the read/write mechanism 
22. The motion data is decoded by the MPEG2 decoder 32 and converted into an 
analog video or picture signal by the D/A converter 33, followed by its output 
therefrom. Then the video signal is displayed on a television set or the like as motion 
pictures. 

[0042] The controller 40 is provided with a CPU (Central Processing Unit) 41, and a 
ROM (Read Only Memory) 42 and a RAM (Random Access Memory) 43 for storing a 
program for controlling the operation of the CPU 41, parameters or the like used in the 
processing of the CPU 41. The controller 40 controls the operations of the respective 

parts, such as encoding, writing, reading and decoding of motion data, generation of a 
sequence header, its removal, etc. 

[0043] Today, access to the HDD is generally performed by designating an LBA. 
On the other hand, the position of each actual data in the data recording area 211 of the 
magnetic disk 21 is managed by a PBA (Physical Block Address) specified by three sets 
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of a cylinder number, a servo/sector number and a head number. In response to an 
access request made by designating the LBA, a microcomputer of the HDD converts the 
LB A to its corresponding PBA to control the read/write mechanism 22, thereby 
executing reading/writing of data. 

[0044] The present embodiment is intended not to simply read data of an I frame 
specified by the LBA but to read the data of the I frame (i.e., shift an I frame intended 
for reading) such that PBAs of data corresponding to the I frame and I frames placed 
before and after the I frame are taken into consideration and a rotation latency of the 
magnetic disk 21 is most shortened. 

[0045] Incidentally, while the PBA is specified by the three sets of cylinder, 
servo/sector and head numbers as described above, the head numbers are used for 
specifying the plurality of magnetic disks 21 and the data recording areas 211 
respectively formed on the two surfaces of the respective magnetic disks 21 by the 
numbers of their corresponding magnetic heads 221. Accordingly, only the cylinder 
and servo/sector numbers will be handled in the following description in the interests of 
simplicity. 

[0046] Fig. 3 is a diagram showing fimction blocks for operation control at the 
special reproduction of motion data by the recording and reproducing apparatus ICQ 
according to the present embodiment. 

[0047] Referring to Fig. 3, the present embodiment has, as control fiinctions at the 
special reproduction, an LBA calculator 310 for calculating an LAB of data of an I 
frame to be read next from the corresponding magnetic disk 21, a head position 
estimater 320 for estimating the present position of the magnetic head 221 with respect 
to the data recording area 211 of the magnetic disk 21, and a moving destination 
determiner 330 for calculating the time required to move the magnetic head 221 from 
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the estimated present position to the position of data of an I frame to be read next to 
thereby determine a moving destination of the magnetic head 221. 

[0048] These functions are implemented by the program-controlled CPU 41 of the 
controller 40. A program for controlling the CPU 41 is stored in the ROM 42, for 
example. Also, these functions may be implemented as functions of a microcomputer 
of the data storage unit 20, rather than implemented by the controller 40 used as control 
means of the recording and reproducing apparatus 100. 

[0049] The LBA calculator 310 calculates an LBA of data of an I frame to be read 
next upon special reproduction. The calculation of each LBA varies according to what 
special reproduction is done. Namely, the positions (LBAs) of respective I frames of 
motion data can be obtained by operating the whole motion data upon recording or on 
an initial basis, or according to a rule or the lilce for motion data in which an I frame 
always exists immediately after a sequence header. However, I frames to be read vary 
according to the type of special reproduction such as fast-forward reproduction, fast- 
reverse reproduction or at what speed fast-forwarding is done. If the fast-forward 
reproduction is performed at a 30x speed, for example, I frames are read while skipping 
them, at a rate of one per 30 I frames. If read at a 60x speed, then I frames are read at a 
rate of one per 60 I frames. Thus, an LBA for data of an I frame to be read next is 
calculated based on the GOP, the data size of each individual frame and the type of 
special reproduction. 

[0050] Also the LBA calculator 310 calculates even LBAs for data of I frames 
existing before and after the I frame to be read next upon the above-described special 
reproduction, together with the I frame. The I frame to be read next upon the special 
reproduction and the I frames (plural I frames whose LBAs have been calculated) 
existing before and after the I frame will be called moving-destination candidate I 
frames. 
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[0051] The head position estimater 320 estimates the present position of the 
magnetic head 221 relative to the data recording area 211 of the corresponding 
magnetic disk 21. The position of the magnetic head 221 is specified by its 
corresponding PBA. Since an error occurs between the time required to complete the 
reading of data from the magnetic disk 21 and the time required to terminate the transfer 
of read motion data to the decode unit 30, the position estimation of the magnetic head 
221 is performed in the following manner: 

(1) A PBA corresponding to an LBA of the last data read by a most-recently 
executed command is first determined. 

(2) Next, a predetermined constant determined according to the type of 
special reproduction (e.g., fast-forward speed) is added to a servo/sector number of the 
PBA obtained in (1). This constant can be decided by such control as to measure the 
time taken from the issuance of a command to the end of its reading each time one 
frame is invoked (i.e., the operation shown in Fig. 5 is repeated), and increase or 
decrease it such that variations in time are reduced. If a value obtained by adding the 
constant to the servo/sector number exceeds the number of servo sectors per track, then 
the magnetic disk 21 turns one rotation or more. Therefore, a residue divided by the 
number of the sectors per track is used as a new servo/sector number. 

[0052] Incidentally, the acquisition of the PBA in (1) is performed using a 
previously prepared conversion table of PBAs and LB As, and a computational equation 
for determining PBAs from LBAs. The conversion table and the equation may be 
stored in the ROM 42 of the controller 40 upon production of the recording and 
reproducing apparatus 100, for example. Alternatively, they are recorded on the 
corresponding magnetic disk 21 of the data storage unit 20 and may be read upon 
startup of the recording and reproducing apparatus 100 or if necessary. 
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[0053] The present position of the magnetic head 221, which has been determined in 
the above-described manner, is defined as follows: 
PBAl =(cylinderl,ssl) 

[0054] Incidentally, cylinder 1 indicates a cylinder number, and ssl indicates a 
servo/sector number. The moving destination determiner 330 calculates the time 
required to move the magnetic head 221 form the present position of the magnetic head 
221, which has been estimated by the head position estimater 320, to a data position of 
the moving destination candidate I frame whose LBA has been calculated by the LBA 
calculator 310, and determines the corresponding moving destination of the magnetic 
head 221, based on the result of calculation. 

[0055] Fig. 4 is a diagram for describing moving destinations of the magnetic head 
221, which are determined by the moving destination determiner 330. In Fig. 4, I 
frames 401 through 405 are moving destination candidate I frames. Of these, the I 
frame 403 is an I frame to be read next, which is determined according to the type of 
special reproduction. LB As have been calculated with respect to the I frames (401, 402, 

404 and 405) placed by two before and after the I frame 403. The magnetic head 221 is 
located at a PBAl. 

[0056] Referring to Fig. 4, the moving destination candidate I frames 401 through 

405 are circumferentially spread in the data recording area 211 of the magnetic disk 21. 
Thus, in Fig. 4, for example, the immediately preceding moving destination candidate I 
frame 402 rather than the moving destination candidate I frame 403 to be read next 
upon the special reproduction can be early read. 

[0057] As can be understood from the fact that in the case of motion data, screen 
data of a predetermined frame is represented by the difference between the screen data 
and screen data of another frame to thereby perform data compression, the meaning of 
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an image or picture remains so unchanged in most cases even if frames placed in 
positions close to the back and forth of a desired frame are reproduced in place of the 
desired frame. 

[0058] Therefore, the I frame that enables the magnetic head 221 to be moved 
earliest, of the moving destination candidates I frames 401 through 405, will be 
intended for reading. 

[0059] In order to realize it, the moving destination determiner 330 calculates the 
time (seek time + rotation latency: hereinafter called simply travel time) required to 
move the magnetic head 221 from the PBAl with respect to each of the moving 
destination candidates I frames 401 through 405 shown in Fig. 4. A data position of the 
moving destination candidate I frame at which the calculated travel time is the smallest, 
is determined as the moving destination of the magnetic head 221. The travel time with 
respect to each of the moving destination candidates I frames 401 through 405 is 
calculated in the following manner. 

(1) PBAs are first determined from LB As of the moving destination 
candidates I frames 401 through 405, which have been calculated by the LB A calculator 
310. They are defined as follows: 

PBA2 = (cylinder2, ss2) 

Incidentally, cylinder2 indicates a cylinder number, and ss2 indicates a servo/sector 
number. The conversion table or equation used to estimate each position of the magnetic 
head 221 can be used to obtain the PBA2. 

(2) Next, the travel time taken to move the magnetic head from the PBAl to PBA2 

is calculated by using the following equation individually with respect to the respective 

moving destination candidates I frames 401 through 405. 

Travel time = { 

delta_t = rotation_time/number_of_sector; 
rotation_latency = (ss2-ssl) * deltaj; 
while (rotation_latency < f(| cylinderl-cylinder2 1 )){ 
rotation_latency = rotation_latency + rotation_time}; 

JP920020209US1 -17- 



return (rotation latency) 
} 

[0060] In the above equation, f(t) is a seek profile function, which is a function for 
providing the time necessary for the magnetic head 221 to move on t cylinders. The 
deltaj indicates the time required to read data corresponding to one sector, the 
rotation time indicates the time necessary for the magnetic disk to rotate one, the 
number of sector indicates the number of sectors on the tracks 212, and the 
rorationjatency indicates the time (rotation latency) necessary for the magnetic head to 
move from ssl to a position ss2 of intended data (data of moving destination candidate I 
frame) under the rotation of the magnetic disk. 

[0061] Afler the moving destination of the magnetic head 221 has been determined 
in the above-described manner, the controller 40 moves the magnetic head 221 to the 
determined moving destination and issues a read command for reading a data block, as 
a normal control operation. Thus, it is feasible to shorten the rotation latency to the 
fullest and read the I frame rather than to simply read an I fi-ame to be read, which is 
determined according to the type of special reproduction. 

[0062] Incidentally, when data of an I firame at the determined moving destination is 
read, the controller 40 stores the last position (PBA) of the read data in the RAM 43 or 
the like. The last position of the stored data is utilized to estimate the present position 
of the magnetic head 221 upon issuance of the next read command. 

[0063] Fig. 5 is a flowchart for describing the flow of control operations at the 
special reproduction, of the recording and reproducing apparatus 100 according to the 
present embodiment, which has been configured in the above-described manner. 
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[0064] As shown in Fig. 5, an LBA of a moving destination candidate I frame is first 
calculated by the LBA calculator 310 (Step 501). Then the present position of the 
magnetic head 221 is estimated by the head position estimator 320 (Step 502). 

[0065] Next, the time required for the magnetic head to travel to each moving 
destination candidate I frame is calculated by the moving destination determiner 330 
(Step 503). The moving destination candidate I frame having the shortest travel time is 
determined as a moving destination, i.e., an I frame intended for reading (Step 504). 

[0066] Next, a read command intended for data of the moving destination I frame 
determined at Step 504 is issued according to a command issuing function of the 
controller 40, and the corresponding data is read (Step 505). When the data storage unit 
20 gives a notice (DRDY bit where the interface of the data storage unit (HDD) 20 is of 
an ATA (ATA attachment)) of the end of reading to the controller 40, the last position 
(PEA) of the data is stored in the RAM 43 (Step 506). The read data of I frame is 
decoded by the decode unit 30, which in tum is displayed on the television set or the 
like. 

[0067] The operation shown in Fig. 5 corresponds to control for reading the data of 
one I frame at the special reproduction. During execution of the special reproduction, 
this operation is repeated. 

[0068] A control example at the special reproduction according to the present 
embodiment will next be explained in a show of specific numerical values. 

[0069] Fig. 6 is a diagram showing an access pattem to the magnetic disk 21 where 
60x-speed fast-forward reproduction has been performed in the recording and 
reproducing apparatus 100. In the example illustrated in Fig. 6, two blocks are read 
every 46 through 48 blocks (logical blocks) when the fast-forward reproduction is 
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performed at a 60x speed (one block: 128 KBytes). A data transfer rate at this time is 
represented as 2MBytes/second, and the speed of rotation of the magnetic disk 21 is 
represented as 5400rpm (1 1 .1ms per round). 

[0070] Fig. 7 is a diagram showing a distribution of time taken from the issuance of 
a read command to the rise of a DRDY bit (the end of reading) in the above case. 
Referring to Fig. 7, the frequency of its occurrence is extremely high when the time is 
4ms. This corresponds to the time required to read a second block where data is read 
every two blocks as shown in Fig. 6. Therefore, if it is excepted, no large difference 
occurs between occurrence frequencies at 5ms through 15ms. Assuming that the time 
required to read data is given as 4ms and the remaining time is given as a rotation 
latency, the time results in 0ms to 11ms. Therefore, it matches with the number of 
revolutions of the magnetic disk 21 referred to above. 

[0071] Let's consider that the present embodiment is applied to shorten the rotation 
latency. Assume that the heads of data containing I frames are scattered in the 
circumferential direction within the data recording area 211 of the magnetic disk 21. 
Moving destination candidates I frames are to be defined as an I frame included in data 
blocks advanced 46 through 48 blocks shown in Fig. 6, and I frames placed N by N 
before and after the I frame. That is, let's assume that the I frame to be read can be 
shifted by N before and after the I frame. In doing so, the average of rotation latencies 
is shortened to 1/(2N + 1). 

[0072] Thus, assuming that a data transfer amount at one transfer is 128KB 

(KBytes), the transfer rate of data is represented as below when the present embodiment 

is not applied: 

128KB/(4ms + 5.6ms) = 13.4MB/s 

On the other hand, when the present embodiment is applied as N = 1, the data 
transfer rate is as follows: 
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128KB/(4ms + (5.6/(2N + l)ms) 
= 21.9MB/s 

When the present embodiment is applied as N = 2, the data transfer rate is as 
follows: 

128KB/(4ms + (5.6/(2N + l)ms) 
= 25. OMB/s 

[0073] Namely, a 62% performance improvement can be anticipated when N = 1, 
whereas when N = 2, an 87% performance improvement can be expected. 
128KB/(4ms + 5.6ms) = 13.4MB/s 

On the other hand, when the present embodiment is applied as N = 1, the data 
transfer rate is as follows: 

128KB/(4ms + (5.6/(2N + l)ms) 
= 21.9MB/s 

When the present embodiment is applied as N = 2, the data transfer rate is as 
follows: 

128KB/(4ms + (5.6/(2N + l)ms) 

= 25. OMB/s 

Namely, a 62% performance improvement can be anticipated when N = 1, 

whereas when N = 2, an 87% performance improvement can be expected. Also if 

similar calculations are made assuming that the data transfer amount at one transfer is 

256KB, then the data transfer rate is obtained as below when the present embodiment is 

not applied: 

256KB/(8ms + 5.6ms) = 18.9MB/S 

When N = 1, the data transfer rate is given as follows: 

256KB/(8ms + (5.6/(2N + l)ms) 

= 26.0MB/S 

When N = 2, the data transfer rate is given as follows: 
256KB/(8ms + 5.6/(2N + l)ms) 
= 28.1MB/s 

That is, a 38% performance improvement can be expected when N = 1, 
whereas when N = 2, a 49% performance improvement can be expected 



[0074] Incidentally, while the improvement in performance can be anticipated as the 
value of N increases as in the above-described examples, the degree of improvement in 
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performance is gradually reduced. Increasing the value of N increases the calculation of 
LBAs of moving destination candidate I frames and the calculation of travel time, and 
increases a burden on the CPU 41. Therefore, suitable values may preferably be fixed 
in consideration of these. 

[0075] Thus, according to the present embodiment, when fast-forward or fast-reverse 
special reproduction is performed upon reproduction control on motion data recorded 
on a magnetic disk, a reduction in the transfer rate of data due to a mechanical latency 
including a rotation latency can be lessened. 

[0076] Incidentally, while the aforementioned embodiment has described, as an 
example, the PVR for recording and reproducing the motion data with the magnetic disk 
as the recording medium, a reproducing or playback device for reading data from 
various disk-shaped recording mediums such as a DVD or CD on which motion data 
has optically been recorded, etc. and reproducing it is also capable of performing 
similar data read control. 

[0077] Also while the embodiment has described, as an example, the case in which 
the motion data has been recorded in the MPEG2 scheme, it is needless to say that 
another motion recording system is also effective in performing similar control where 
frames are reproduced while skipping them upon fast-forward or fast-reverse special 
reproduction. 

[0078] Further, even when access is made to data managed by data blocks of frames 
or the like, corresponding to voice data, other stream data (sequentially accessed data) 
as well as the motion data, while skipping some of the data blocks, the present 
embodiment can be applied as it is. 
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[0079] According to the present invention as described above, when data recorded in 
a disk-shaped recording medium is read, a reduction in the transfer rate of data due to a 
mechanical latency including a rotation latency of the recording medium can be 
lessened. 
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